This paper outlines a pilot study on multi-dimensional and multilingual sentiment analysis of social media content. We use parallel corpora of movie subtitles as a proxy for colloquial language in social media channels and a multilingual emotion lexicon for fine-grained sentiment analyses. Parallel data sets make it possible to study the preservation of sentiments and emotions in translation and our assessment reveals that the lexical approach shows great inter-language agreement. However, our manual evaluation also suggests that the use of purely lexical methods is limited and further studies are necessary to pinpoint the cross-lingual differences and to develop better sentiment classifiers.
Introduction
Typically, sentiment analysis is modeled as a three-class classification task, marking utterances as either positive, negative or neutral. In some cases, this may be accompanied with a degree of polarity. However, that still treats the task as a one-dimensional one along the scale of general polarity. In this paper, we look at the challenge of a multi-dimensional approach in which we aim at a much more fine-grained classifications with eight distinct dimensions of emotion in addition to the classical sentiments of positive and negative polarity. These emotions are based on Plutchik's wheel of emotions (see Figure 1 ): anger, anticipation, disgust, fear, joy, sadness, surprise, and trust (Plutchik, 1980) . Detecting fine-grained sentiment is important for practical applications as well as for theoretical reasons. In the context of social media, it is useful to know whether someone is, for instance, happy, angry or sad, rather than relying solely on positive or negative sentiments. This can be applied, for instance, for the detection of hate-speech or depression and can be used to monitor peoples well-being or social dynamics.
As sentiment analysis methods are often developed for English first and other languages second, it is necessary to know whether it is possible to transfer tools and resources from English to other languages to speed up the coverage of the linguistic diversity in the World. With the growing importance of social media in societal issues, as a marketing tool, opinion generator, and so forth, it is essential to be able to accurately classify sentiments and emotions also for languages other than English. For those reasons, we, therefore, focus on cross-lingual methods and multi-dimensional settings.
Previous work has focused on lexical approaches using indicator word lists that define cues for detecting certain types of sentiment. In our work, we are interested in studying the effectiveness of these purely lexical approaches and we emphasize their use across languages. We have previously conducted research on multidimensional sentiment analysis (Honkela et al., 2014) but not across language borders. Multilingual studies for conventional sentiment analysis have been done, e.g., for English and German by Denecke (2008) but not with the fine-grained multidimensional analysis. Other related studies using Plutchik's eight emotions are for example the Rule-based Emission Model by Tromp and Pechenizkiy (2014) and EmoTwitter which takes advantage of the NRC Word-Emotion Association Lexicon to produce visualizations for identifying enduring sentiments in tweets (Munezero et al., 2015) . One of the main research question we ask in our study is whether fine-grained sentiment and emotions are preserved across languages. Studies directly evaluating the preservation of sentiments in translation have often focused on comparing them with other methods such as whether it is better to translate the original text to English and analyze the English sentiments or to translate the lexicon from English to the "original" target language (work on Arabic (Salameh et al., 2015) and Chinese (Wan, 2008) ). One study found that connotations change if texts are machine translated or manually translated and suggested that "further cross-lingual studies should not use parallel corpora to project annotations blindly" (Carpuat, 2015) .
Related work does not provide a full picture of sentiment preservation in translation and we are interested in additional investigations with other data sets and setups. In particular, we would like to understand more clearly how sentiment preservation applies to the multidimensional task and whether there are differences between cases of similar versus less-related languages. For this purpose, we use lexicon-based methods and parallel data sets as a proxy for multilingual sentiment analyses on comparable texts. We also test the reliability of the purely lexical sentiment detection strategy using a small-scale manual evaluation.
The essential research questions we would like to ask are, hence, the following:
• To what extent is fine-grained sentiment preserved in translation? Are there differences between languages and their cultural embeddings?
• How reliable are purely lexical approaches in detecting multi-dimensional sentiments and emotions across languages?
To address the first question, we performed a small scale manual evaluation of movie subtitles to measure the correlation between detected sentiments in aligned subtitles. Using this set of manually classified utterances we then estimate the expected preservation of sentiment across specific language pairs. Finally, using those expectations we can measure the correlation with the automatic classification based on lexical look-up across languages to address our second question.
In the following, we first briefly describe the data sets and resources used in our study. Thereafter, we describe the manual evaluation of sentiment across languages and, finally, we discuss the results of automatic multi-dimensional sentiment classification based on an existing lexical resource. We conclude with our main findings and prospects for future research.
Multilingual Data Resources
For our cross-lingual experiments we rely on publicly available parallel data sets. OPUS 2 provides large quantities of sentence-aligned multilingual corpora including a comprehensive collection of movie subtitles in various languages (Lison and Tiedemann, 2016) . Movies certainly contain a lot of emotional contents and their predominantly colloquial style makes them a good proxy for social media data we aim at with our multidimensional sentiment analyzer.
As a comparison data set, we selected the Europarl parallel corpus (Tiedemann, 2012) . Europarl represents a different genre and the translations come from professional sources, whereas the subtitle translations contain a much larger quantity of noise (due to the unreliability of user-generated / userprovided content, incomplete data sets as well as conversion and alignment errors). We are thus able to compare two different quality-levels of translation as well besides the comparison of two dissimilar genres. In both cases, we used 1.5 million lines of aligned sentences from the parallel corpora for each language, which we lemmatized using the Turku Finnish Dependency Parser for Finnish (Ginter et al., 2013) and UDPipe (Straka et al., 2016) for all other languages.
The emotion lexicon we apply is called the NRC Word-Emotion Association Lexicon (Mohammad and Turney, 2013). The lexicon is a list of originally English words and their crowd-sourced associations with Plutchik's eight basic emotions and two sentiments (Plutchik, 1980) . The words have been translated by the creators of the lexicon using Google Translate. The number of annotated words per language vary between 4,043 and 14,182. We also translated the remaining words for the target languages in the same way bringing the total number of annotated words to 14,182 for all languages. The translation results were checked and, for the target languages, no clear translation errors were found making the full lexicon at least as good as the original version.
Multilingual Fine-Grained Sentiment Classification
In the following, we look at a purely lexicon-based approach to fine-grained sentiment analyses using the multilingual emotion lexicon presented in the previous section. For this, all lines in our data set are matched one-by-one with the items in the lexicon. The result of this process is a 10-dimensional vector for each line containing the counts of matched words that represent the sentiment or emotion of that particular dimension according to the lexicon. We can interpret the vectors in two different ways: (i) Any non-zero count indicates the presence of the sentiment in question (binarized interpretation), or, (ii) the counts represent the prevalence of the corresponding sentiments and emotions.
We can now measure the cross-lingual correlation between the sentiments detected by the lexiconbased approach by comparing the vectors created for each of the 1.5 million lines in each translation. We do this for both, the subtitle corpus and the Europarl corpus by means of individual emotions and sentiments and by means of a multidimensional comparison. For the former we apply the binarized interpretation and compute the percentage of matching sentiments detected across language borders. Table 1 lists the scores for each test case. Note that we discard all zero-score matches where no sentiment was detected in either language. This applies to the majority of lines and, therefore, would blur the picture.
The scores in the table show that for English-Finnish the subtitle data is more likely to match across languages than the Europarl data. For all the other pairs, this trend is reversed for all emotions and sentiments.
The most common emotions in the texts were the same for all languages: negative, positive, then fairly similar for trust, disgust, anger, fear, joy, sadness, and generally much lower for anticipation and surprise. This is most likely related to the higher cross-language agreement for these emotions: the more common a sentiment, the more chances of one language detecting it but it being missed by the other and therefore decreasing the cross-language agreement score. Table 1 : Percentage of matched sentiments across languages according to lexicon-based classification. ALL refers to the averaged cosine similarity of the 10-dimensional sentiment vectors and the number in superscript gives the standard deviation observed in the data.
The cosine similarity scores indicate that the Finnish and English vectors are most dissimilar, with only slightly higher similarity scores for the English-Swedish pair. The Spanish-Portuguese scores, however, show higher similarity scores than either of the other two languages. One is tempted to conclude that this illustrates the cultural influences that determine the expressions of sentiments and emotions but we have to take these preliminary results with a grain of salt also based on the manual evaluation presented below, which indicates that purely lexicon-based methods are not reliable enough.
Manual Evaluation
In order to test the reliability of the lexicon-based method, we conducted a small scale manual evaluation on the same data set. For this, we randomly selected 100 lines of the aligned texts and annotated them by hand using Plutchik's eight emotions as well as their positive and negative sentiments. Table 2 : Hand-annotation sentiment agreement across languages Each line corresponds to one or more sentences from within a translation unit and we also considered previous and subsequent context for deciding proper classifications. We restricted ourselves to binary choices when marking one or more of the ten dimensions. Using scales for such human annotation would be an interesting extension that we would like to explore in future work. Each line was classified by two annotators and a third annotator was consulted in case of disagreement between the two.
As Table 2 shows, the manual annotation reveals that cross-language agreement is high for both language pairs and all emotions and sentiments. Using the manual annotation as gold standard we then computed precision and recall of the automatic classification. To our surprise (especially with respect to precision), both mesaures are extremely low (below 10%) for all emotions and sentiments. However, this may be caused due to the overall scarcity of emotions and our little data set in general. In order to understand better the true precision and recall of the automatic classification as compared to the handannotated data-set it would, of course, be highly beneficial to have a larger sample of hand-annotated data.
Conclusions and Discussions
The study of multilingual social media corpora is important as it provides, for instance, a possibility to compare how people in different parts of the world view various topics.
There is clearly a use for good lexicons in sentiment analysis. The extent to which these are utilized and the quality of the lexicon, especially if translated, is what influences the cross-language agreement ratings the most.
As the results show, a purely lexicon-based approach can tell us about the sentiments and emotions in a text, but that it is not as good as a gold standard. In this pilot study we can see that Spanish and Portuguese have higher cross-language agreement than English and Finnish, or English and Swedish. In the future it would be interesting to compare languages that are culturally more different such as English and Chinese, or English and Arabic or Japanese. This might reveal a clearer picture about the influence of cultural backgrounds on the expressions of emotions and sentiments in comparable texts.
With respect to our second research question, we are at this stage interested in how well lexical approaches are capable of detecting multidimensional sentiments using parallel data as a proxy for evaluation. For this, we assume that sentiments and emotions are preserved in translation and we verify this with a small-scale manual annotation. These initial results will guide us in future work to enhance the detection approach with more sophisticated methods based on supervised and semi-supervised machine learning techniques including cross-lingual representations and transfer models.
